medium, must be dealt with. These are bremsstrahlung (BREM), giant resonance neutrons (GRN), and high energy neutrons (HEN). High energy electrons and positrons produce photons which in turn produce more electrons and positrons which produce more photons. The electromagnetic shower which develops contains a spectrum of bremsstrahlung photons with energies up to the incident particle energy. This bremsstrahlung is highly peaked in the forward direction of the particle beam, but the transverse component cannot be neglected. Giant resonance neutrons are produced by photonuclear interactions (threshold energy in most materials in the range 7-20 MeV). They are emitted almost isotropically and have an average energy of about 2 MeV. For electrons or posi trons above several hundred MeV, high energy neutrons (E ) 100 MeV) are produced. The high energy component is not isotropic, but in many shielding situations, only the transverse component is important. For shielding estimates in this review, both the GRN and HEN components are generally taken to be isotropic. The bulk shielding provided for the above mentioned components will also adequately attenuate any synchrotron radiation which escapes from the vacuum chamber in which the particles are accelerated.
Radiation Dose Equivalent Factors
The unshielded radiation dose equivalent factors for the above components have been adapted from Fasso, et al. (FAS 84) These factors express the unshielded dose rates at 1 m in the transverse direction (90°) to the electron or positron beam. In the forward direction (00) with respect to the particle beam, the bremsstrahlung radiation is quite intense and 
Estimated Beam Losses in Linac System
For the various components in the Linac system, shielding computations were based upon point losses of a certain fraction of the beam power. These are indicated in the average dose rate would be 0.199 mrem/h which is within the guideline. The dose rate can also be reduced to within the guideline by using localized lead shielding around the converter target.
Positron Linac
For the Positron Linac, the previous amount of shielding was more than adequate for the positron beam but was kept at 2 m to provide shielding for the expected losses in the accûmpanying electron component 0 For the increased intensity in the new design, the 2 m is still adequate for shielding.
6.3e4 Positron Beam Conpression System
At the beam compression system, the loss is assumed to be 10% of the positron beam, which amounts to 0.518 W(ll.5 nA x 450 MeV x 0.1). In addi- 
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0.070 mrem/h, for a total of 0.321 mrem/h, which meets the guideline.
PAR Shielding Considerations
The shielding es timates for the PAR are based upon a total of 7.2 x 1010 e+/s of energy 450 MeV being delivered to the PAR. These parameters give a beam power of 5.184 Ì', of which 50% is assumed to be lost at point P in Fig. 1 below. This assumption is based on experience at DESY which would indicate that most of the loss takes place in this region and that following this, about 99% of the remainder is delivered to the synchrotron. For the geometry shown in the figure, the forward directed bremsstrahlung will be intercepted by sufficient concrete to nullify any significant contribution to the dose rate in that direction. The nearest dose point of concern is A in the figure. To estimate the bremsstrahlung contribution at point A, the following empirical expression, adapted from Swanson, et al. (SWA 85) , which expresses the angular dependence of the bremsstrahlung dose equivalent factor, was used: The total dose rate is 3.74 mrem/h, but for an operational time of 10%, the average dose rate is reduced to 0.374 mrem/h, which is within the guidelines.
Because of the increased distance from point P in Fig. 1 to other dose points outside of the PAR, only 1.3 m of shielding is needed for the remaining shielding walls of the PAR.
With respect to the roof shielding of the PAR, the shielding is designed so that the area may be occupied while the accelerator is in operation.
Assuming a roof shielding of 1.5 m of concrete and a total distance of 2.72 m to the dose point, the computed total dose rate is 3.188 mrem/h on the roof directly above the point P in Fig. 1 . Assuming an operational time of 10% of continuous, the average dose rate turns out to be 0.32 mrem/h, within the guideline.
Although no beam loss in the PAR is expected to resul t in a forward directed beam other than at point P in Fig. 1 , lead beam stops (10-15 cm thick) which will greatly attenuate the bremsstrahlung component can be provided for the three positions (B. C and D) where a problem might develop.
Booster Injection
The assumed loss rate at the Injector was taken as 50% in LS-90. Using this same assumption with the increased intensity, the power loss now becomes:
10 -13 3 3 W = 7.2xl0 (0.5)(450)(1.6xl0 )(3.6xl0) = 9.33xl0 J/h. of continuous, the average dose rate would be 0.23 mrem/h, which is within the guideline. If 10 cm of lead were used as local shielding, the photon dose rate could be reduced to about 0.02 mrem/h, and the total dose rate would then meet the guideline without averaging.
Booster Extraction
The This component is very difficult to shield, since for any material the attenuation lengths are relatively large, thereby requiring large thicknesses to realize significant attenuation. Moreover, the losses occurring in this region generally transpire within a short time period which can lead to the production of significant dose rates, which tend to be dominated by the neutron component. The attenuation length of the high energy component in concrete is 115 g/cm2, in iron it is 138 g/cm2, and, in lead, 191 g/cm 2 The 
